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Introduction
Ectopic gray matter (EGM) is defined as a nodular or lobulated mass of neurons in regions extending from the ventricle to the cerebral cortex within the cerebral hemisphere. This condition is reportedly frequently accompanied by seizures. 1, 2 In addition, EGM is frequently complicated by structural *Corresponding author. Tel.: +81-6-6645-3846; fax: +81-6-6647-8065.
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abnormalities in the mesial temporal lobe, including hippocampal sclerosis. In some cases of EGM, temporal lobectomy with removal of the mesial temporal structures is performed, but seizures are not typically well controlled postoperatively. 3 No definite correlation has been identified between extent of removal of the epileptogenic area and seizure control. Palmini reported no significant correlation between surgical outcomes and amount of excision of the epileptogenic area. 4 A case of refractory temporal lobe epilepsy associated with temporoparietal EGM and treated by surgical resection tailored under the guidance of ECoG is reported herein.
Case report History
The patient was a 28-year-old male with no specific abnormalities during the perinatal period or at birth, and no history of febrile seizures. At the age of 16 years, generalized tonic-clonic seizures developed and medication was initiated. Since the age of 23 years, complex partial seizures were observed, predominantly associated with automatisms preceded by epigastric discomfort. Subsequently, 100 mg/day of phenobarbital, 400 mg/day of zonisamide, and 800 mg/day of carbamazepine were initiated, but seizures were not well controlled. Fluid attenuated inversion recovery (FLAIR) MR images demonstrated abnormal hyperintensity in the right hippocampus, leading to a diagnosis of hippocampal sclerosis. Spoiled gradient echo scan (SPGE) MR images revealed a region of isodensity extending to the gray matter within the white matter, ranging from the posterior region of the inferior horn to the right parietal lobe, suggesting the presence of subcortical EGM (Fig. 1) . Under the reduced dose of anticonvulsants, scalp electroen- 
Operation
Given the above findings, it was considered that the right mesial temporal lobe and the subcortical EGM formed independent epileptogenic regions. Intraoperatively, anesthesia was maintained with 2.5% Sevoflurane without nitrogen monoxide, ensuring that the pCO 2 in expired air was maintained at 30 mmHg. 5 Through a right frontotemporoparietal craniotomy, the temporoparietal lobe was widely exposed. Next, a slender trapezoid-shaped four-contact strip electrode 6 with four basal contacts were inserted and placed on the mesial temporal lobe (Fig. 3) , and four sets of four-contact strip electrodes were also placed on the temporal lobe just superior to the subcortical EGM, and into part of the parietal lobe. Electrocorticography (ECoG) demonstrated synchronous spikes in the mesial temporal lobe and the region superolateral to the EGM (Fig. 4a) . No explicit epileptiform discharges were noted in the region of the parietal lobe just superior to the subcortical EGM. Under ECoG guidance, a 4-cm section of the right temporal lobe was resected from the temporal tip. After reaching the inferior horn, the amygdala was excised, leaving a 1/4-length of superomedial part unresected. Moreover, en bloc resection of about 3-cm of hippocampus and parahippocampal gyrus was performed. At this point, ECoG was conducted on the temporal lobe just posterior to the posterior end of the surgical cavity created by anterior temporal lobectomy. Persistent paroxysmal discharges were detected. Next, the area of subcortical EGM was hollowed out from the resection cavity in a piece-by-piece fashion. Macroscopic examination revealed that the resected subcortical EGM displayed a similar color to that of normal white matter, but with more abundant vascularization. ECoG followed by excision of subcortical EGM in which a discharge was evoked was repeated until no paroxysmal discharges were detected. After the disappearance of epileptiform discharges, surgery was concluded (Fig. 4b) .
Postoperative course
Postoperative MR images revealed resection of the right temporal lobe and about 50% of the anterior region of the subcortical EGM (Fig. 5) . Scalp EEG detected no epileptiform discharges. Histopathological examination revealed the presence of hippocampal sclerosis and gray matter in a slice of excised cerebral parenchyma, confirming the diagnosis of EGM (Fig. 6) . Over a postoperative period of about two years, no seizures have been experienced, and no medications have been required.
Discussion
EGM can be roughly divided into three types: nodular, laminar, and band. [7] [8] [9] The latter two types are very rarely seen, and are thought to occur bilaterally or diffusely, while nodular EGM typically develops locally. The etiology is suspected to be the arrested migration of neuroblasts from the periventricular germinal layer to the cerebral cortex during the prenatal period. External factors such as ischemia or infection during the prenatal period, or genetic mutations in neuroblasts in the early stages of mitosis of germinal cells may exert adverse effects on the radial glial fibers that guide the migration of neuroblasts, or the neuroblasts themselves may become abnormal, resulting in suppression of neuroblast migration. 8, [10] [11] [12] [13] [14] Our patient was thought to have developed nodular EGM extending from the inferior horn to the temporoparietal lobe, clinically associated with temporal lobe epilepsy. Clarifying the relationship between EGM and hippocampal sclerosis is very difficult when trying to determine the ''true epileptogenicity''. Dual pathology may be defined when an extrahippocampal structural lesion is found in association with hippocampal damage. 15 Dubeau et al. 1 diagnosed 33 patients with EGM, and employed surgical therapy for 7 patients with refractory epilepsy. Analysis of these 7 patients indicates that postoperative seizure control is poorer with bilateral EGM than with unilateral lesions. However, analysis of unilateral EGM only revealed better postoperative seizure control who underwent resection of a relatively small region of the EGM, following the removal of epileptogenic regions in the mesial temporal structures. This indicates that completeness of EGM resection is not necessarily correlated with improved postoperative outcome. Palmini et al. 4 analyzed the surgical outcome for partial seizures with neuronal migration disorders in relation to the extent of removal of both the structural lesion and the epileptogenic area. Marked improvement of disabling seizures was achieved if 50% or more of the structural lesion could be removed with complete excision of the epileptogenic area. This suggests that resection of the structural lesion to the maximum extent possible is unnecessary to achieve elimination of seizures if the epileptogenic area such as hippocampal sclerosis is excised completely. In our patient, persistent epileptiform discharges were detected using intraoperative ECoG with an electrode placed on the cerebral cortex immediately superior to the EGM, even after anterior temporal lobectomy. The present case may therefore represent dual pathology; given that seizures started from the age of 16 years, it is difficult to believe that the true epileptogenic area was simply EGM. Seizures would display secondary spread to the hippocampus, which would then amplify and propagate abnormal epileptiform discharges. Using ECoG conducted repeatedly during resection of the EGM, disappearance of persistent paroxysmal discharges was noted when about 50% of the EGM had been excised. Since the purpose of epilepsy surgery is to achieve control of seizures, adequate excision of epileptogenic regions is considered critical. Confirmation of the precise extent of the true epileptogenic area is to be recommended during surgical treatment by intraoperative ECoG, particularly in case of dual pathology.
